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1.1. A diverse solution-phase library synthesis of spiro systems
Recent publications have indicated that a higher success rate in
high throughput screening against biological targets may be
achieved by using compounds with a higher proportion of sp3
hybridised carbon atoms. Such molecules, especially those contain-
ing multiple chiral centres, more fully explore three dimensions of
structural space but are poorly represented in screening ﬁles. A re-
cent publication describes a route to heteroatom-containing spiro
systems with two stereocentres and a high proportion of sp3 char-
acter among the carbon atoms. The methodology has been used to
generate a library of 162 compounds by a synthetic route starting
with a pair of diastereomerically pure spirocyclic amino aldehydes
[1].
Starting with the alcohol (1), epoxidation and 5-exo-trig cycli-
sation gave a mixture of two diastereoisomeric alcohols (2 and 4)
that could be readily separated. Considering the separation of the
stereoisomers as being the ﬁrst point of diversity in the library, fur-
ther structural diversity was introduced by parallel derivitisation
of the corresponding aldehydes (3 and 5). Oxidation of the hydro-
xyl group to the aldehyde under Swern conditions proceeded
smoothly, but it was found later in the synthesis that traces of sul-
phur from this step were the likely cause of hydrogenation catalyst
poisoning resulting in poor yields. Consequently, the Swern oxida-
tion was avoided and the aldehydes were instead generated by oxi-
dation with tetra-n-propyl ammonium perruthenate and N-methyl
morpholine N-oxide.
The aldehydes were independently modiﬁed by four different
Horner–Emmons–Wadsworth reactions followed by catalytic
hydrogenation over palladium catalyst of the newly generated
double bond to give ester, nitrile, ketone and amide-containing
side chains (6–13). The ﬁnal diversiﬁcation of the scaffold was
achieved by deprotection of the Boc-protected amine and deriviti-
sation by (i) N-acylation or sulphonylation, (ii) N-reductive amina-
tion or (iii) palladium-catalysed N-arylation. It was found that the
ketones (8 and 12) were less versatile than the other derivatives as
they could not be used in the subsequent N-reductive alkylation or
N-arylation reactions. The diversiﬁcation methods were employed
to generate 90, 48 and 24 derivatives respectively, each with a pur-
ity exceeding the target of 90%, thus generating a total library size
of 162 spirocyclic compounds.http://dx.doi.org/10.1016/j.comche.2013.12.001
E-mail: nterrett@ensembletx.comThis library approach has successfully been used to generate
useful spirocyclic compounds with two stereocentres and a high
degree of carbon sp3 character. All compounds have been provided
to the NIH Molecular Libraries and Small Molecule Repository.
2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
An elegant solid-phase synthetic route of pyrazolo[3,4-d]pyrim-
idine derivatives via Aza-Wittig/electrocyclic ring closure reaction
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from the primary amine building block, a library of pyrazolo[3,4-
d]pyrimidine derivatives can readily be prepared [2].
The parallel synthesis of bis-oxazole peptidomimetics starting
from Boc-aminoacids and serine methyl ester has been described.
This work presents the synthesis of oxazole aminoacid building
blocks in solution phase and their use in the solid phase peptide
synthesis of a library of diverse bis-oxazole peptidomimetics in
good overall yields [3].
2.2. Solution-phase synthesis
The highly regioselective Buchwald–Hartwig amination at C-2
of the cheap and readily accessible reagent, 2,4-dichloropyridine
with a range of anilines and heterocyclic amines has been de-
scribed. This new methodology is robust and provides a facile ac-
cess to 4-chloro-N-phenylpyridin-2-amines on a quarter mole
scale. These intermediates undergo a further Buchwald–Hartwig
amination at higher temperature to enable rapid exploration of
the chemical space at C-4 and to provide a library of 2,4-bisamino-
pyridines [4].
A 32 member library of 3,4-dihydro-3-oxo-2H-1,4-benzoxa-
zines has been synthesised from two substituted 2-aminophenols
via microwave-assisted one-pot regioselective annulation of 2-bro-
moalkanoates and subsequent Suzuki–Miyaura cross-coupling of
the chloro-substituted scaffolds. The latter transformation was car-
ried out using the Aphos–Pd(OAc)2 catalyst and the coupling of the
aryl chlorides with arylboronic acids proceeded under mild
reaction conditions to give the corresponding biaryl products in
80–98% yields [5].
2.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
Aniline–terephthalaldehyde resin p-toluenesulfonic acid (ATRT)
salt has been easily prepared by the reaction of aniline with 1.25
equivalents of terephthalaldehyde in the presence of one equiva-
lent of p-toluenesulfonic acid at 75 C for 24 h in ethanol. ATRT efﬁ-
ciently catalysed the tetrahydropyranylation of alcohols and
deprotection of tetrahydropyranyl (THP), triethylsilyl (TES), and
tert-butyldimethylsilyl (TBDMS) ethers. Deprotection of dodecyl
THP ether and dodecyl TBDMS ether catalysed by ATRT proceeded
faster than those by pyridinium p-toluenesulfonate. ATRT can be
reused without signiﬁcant loss of activities [6].
A new non-cross-linked polystyrene supported chiral hydantoin
has been prepared and shown to be a particularly effective chiral
auxiliary for asymmetric aldol reactions, affording high yields
and excellent diastereoselectivity. Furthermore, the recovery and
recycling of the polymer-supported chiral auxiliary have been suc-
cessfully achieved without an appreciable reduction in the yield or
diastereoselectivity [7].
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
Taking advantage of click chemistry, a library of N-arylpiperaz-
inylmethyl triazoles bearing ﬂuoro substituted appendages has
been synthesised and the target compounds investigated for
dopamine and serotonin receptor binding. With the aim to bias
hydrophilicity and to optimise D4 receptor afﬁnity and selectivity,a concise series of triazoles containing ﬂuoroalkyl, ﬂuoroalkoxy,
ﬂuoroalkoxyphenyl, and deoxyﬂuoroglucosyl substituents has
been studied. The D4 receptor afﬁnity and selectivity could be
tuned by altering the chemical moiety attached to the triazole unit.
Among the test compounds, a ﬂuoroethoxyphenyl derivative
showed weak partial agonism at D4 and a Ki value of 14 nM, while
its ﬂuoropropoxyphenyl homologue acted as a neutral D4 antago-
nist (Ki = 5.1 nM). Both these compounds revealed an excellent
balance between D4 receptor afﬁnity and subtype selectivity, pro-
viding lead candidates for the development of 18F-labeled radioli-
gands for D4 receptor imaging studies by positron emission
tomography [8].
A novel series of PIM inhibitors has been derived from a com-
bined effort in natural product-inspired library generation and
screening. The novel pyrrolo[1,2-a]pyrazinone initial hits were
inhibitors of PIM isoforms with IC50 values in the low micromolar
range. The application of a rational optimisation strategy, guided
by the crystal structure of the complex in the kinase domain of
PIM1 resulted in the discovery of a potent PIM kinase inhibitor
exhibiting excellent selectivity against a large panel of kinases [9].
Adenosine receptors and monoamine oxidases are drug targets
for neurodegenerative diseases such as Parkinson’s and Alzhei-
mer’s disease. In a recent study, a library of 55 mostly novel tetra-
hydropyrimido[2,1-f]purinediones was prepared. The compounds
possesed various substituents in the 1- and 3-position (1,3-di-
methyl, 1,3-diethyl, 1,3-dipropyl, 1-methyl-3-propargyl) and
broad variation in the 9-position. A synthetic strategy to obtain
3-propargyl-substituted tetrahydropyrimido[2,1-f]purinedione
derivatives was also developed, and the new compounds were
evaluated for their interaction with all four adenosine receptor
subtypes and for their ability to inhibit monoamine oxidases [10].
An efﬁcient and facile microwave-assisted solution phase paral-
lel synthesis of a 26-member library of N,N0-disubstituted thiourea
analogues has been successfully accomplished. Using this method,
the reaction time for synthesis of analogues was drastically re-
duced from a reported 8–12 h to only 10 min. Compounds were
more than 95% pure, and solid phase structural analysis was per-
formed by single crystal XRD analysis. Synthesised compounds
were screened for their in vitro urease inhibition and antifungal
activity [11].
A recent publication reports design- and diversity- oriented
synthesis of novel bis-heterocycles with a common 2-methyl, C-4
unsubstituted quinoline moiety as the central key heterocycle.
Employing a reagent-based skeletal diversity approach, a facile
synthesis of bis-heterocycles with different heterocyclic rings at
C-3 position of the quinoline moiety has been accomplished, and
a broad range of heterocyclic frameworks were evaluated for their
antimycobacterial activity. The active scaffolds were further ex-
plored by a parallel library generation in order to establish SAR
[12].
A library of novel bis-heterocycles containing benzoxazolinone
based 1,2,3-triazoles has been synthesised using a click chemistry
approach. One compound exhibited potent selective COX-2 inhibi-
tion and signiﬁcant TNF-a inhibitory activity. The results of the
carrageenan-induced hind paw oedemamodel showed that several
compounds exhibited potent anti-inﬂammatory activity in com-
parison to indomethacin [13].References
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